Analysis of a buried deposit in the Diamond
INTRODUCTION
Recent research has documented the occurrence of millennialscale climate fluctuations in the Northern Hemisphere during the late Pleistocene. These Dansgaard-Oeschger (D-O) cycles (Oeschger et al., 1985; Dansgaard et al., 1993; Bond et al., 1997) consist of rapid interstadial warming followed by a slower return to glacial conditions with estimates of >5
• C temperature changes during the cycle (Bond and Lotti, 1995) . Though most evidence for D-O cycles comes from the North Atlantic and Greenland, evidence from the northeast Pacific (Behl and Kennett, 1996) and from inland California (Benson et al., 1996) suggests the potential for impact in other regions as well.
We report here on the paleoflora of a site of middle Wisconsin age-the Diamond valley lacustrine deposit near Hemet, California ( Fig. 1) -that may record a marine isotope stage (MIS) 3 D-O cycle. Rapid paleoenvironmental changes at this site are of similar duration to interstadial reconstructoins from more continuous sections. Construction within the research area in 1997 exposed a 1-m-thick layer of organic-rich, black to blue-gray clays in Diamond Valley. Pollen and diatoms from the deposit were studied to determine paleoenvironmental conditions at the time of deposition. Fossils representing extinct vertebrate taxa including Paramylodon harlani, Mammut americanum, Equus " occidentalis" (sensu Merriam, 1913) and Bison latifrons were also recovered (Springer et al., 1999) .
Our present knowledge of late Pleistocene paleoenvironmental conditions of southern California is based on only a handful of sites (Fig. 1) . Two late Wisconsin sites are located on islands near the present Pacific coast. The Santa Cruz Island Cañada (Chaney and Mason, 1934) ; CS = Cañada de los Sauces (Chaney and Mason, 1930) ; DC = Daisy Cave (West, 1994) ; LB = Rancho La Brea (Shaw and Quinn, 1986) ; MK = McKittrick tar pit (Mason, 1944) ; SB 893 = Santa Barbara Basin (Heusser, 1995 (Heusser, , 1998 ; TL = Tulare Lakebeds (Atwater et al., 1986; Davis, 1999) . SS = Salton Sea.
de los Sauces flora (Chaney and Mason, 1930) was dated to 14,200 ± 250 14 C yr B.P. by Fergusson and Libby (1963) . On San Miguel Island, late Pleistocene (<13,000 cal yr B.P.) sediments were analyzed from a small rockshelter on the northeast shore (West, 1994) . Late Pleistocene florules also occur from the Domenigoni Valley (Springer et al., 1998; Anderson et al., unpublished) and from Lakeview Hot Springs (Reynolds and Reynolds, 1991) .
Several sites contain floras of middle Wisconsin age and earlier. The Rancho La Brea flora (Frost, 1927; Warter, 1976; Shaw and Quinn, 1986; Stock and Harris, 1992) (Fig. 1) is of late and middle Wisconsin age (Marcus and Berger, 1984; Stock and Harris, 1992) . The paleoflora of the Carpenteria (>38,000 14 C yr B.P.; Chaney and Mason, 1934; Fergusson and Libby, 1964) and McKittrick (ca. 38, [0] [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] 000 14 C yr B.P.; Mason, 1944; Berger and Libby, 1966) sites are roughly contemporaneous with deposits at Rancho La Brea. In the southern San Joaquin Valley is the Tulare Lakebeds site (Atwater et al., 1986; Davis, 1999) , which spans most of the Wisconsin. From marine cores, Heusser (1995 Heusser ( , 1998 • 59 W), ca. 6 km southwest of Hemet in Riverside County (Fig. 1) . The stratum was located about 15 m below the floor of the valley. The unit was truncated unconformably at the top, overlain by fluvially crossbedded sediments. The clay unit could be traced laterally, north to south, across the ca. 100-mlong exposure. The study area is located along the eastern border of Diamond Valley. A minimum elevation for the preconstruction north side of the valley floor was ca. 483 m; with the south side slightly higher at ca. 488 m. General slope of the Diamond Valley was toward the west.
Prior to conversion to agriculture, vegetation of the valley bottom was probably valley grassland (Küchler, 1988) , perhaps dominated by Stipa sp. (needlegrass), Aristida sp. (three-awn), and other herbs. Many nonnative grass species were subsequently introduced to the area. On slopes surrounding the valley is Riversidian sage scrub, an inland (xeric) form of coastal sage scrub (Holland, 1986) . This typically open vegetation includes Encelia farinosa (brittle-bush), Artemisia californica (California sagebrush), Eriogonum fasciculatum ssp. foliolosum (leafy buckwheat), and Salvia apiana (white sage). Chapparral, including Ceanothus sp. (California-lilac), Adenostoma fasciculatum (chamise), Rhus ovata (sugar bush), and Rhus integrifolia (lemonade berry), is found locally, while Quercus agrifolia (coast live oak) woodland intergrades with sage scrub and chaparral at higher elevations (terminology follows Hickman, 1993 ).
METHODS
Sediments were described in the field and subsampled for further analysis in February 1998. In the laboratory, magnetic susceptibility was measured with a Sapphire Instruments SI2B meter. Ten cm 3 of sediment was taken from 25 profile intervals, passed through the coil, and the susceptibility calculated.
For measurements of organic matter, 1 cm 3 of sediment for each of 25 samples was weighed in a crucible and heated in an oven at 110
• C for 24 hours. The sample was cooled and weighed to calculate water content. Organic matter was determined after burning in a muffle furnace at 550
• C for 2 hours. Twenty-five 15-cm 3 sediment samples were analyzed for pollen using a modified Faegri and Iversen (1989) technique with addition of Lycopodium tracer tablets. Treatment included 10% hydrochloric acid, screening through 0.18-mm mesh, suspension in 10% sodium hexametaphosphate, and repeated 10-hour settle and siphon steps until the siphon water was clear. Subsequent steps included suspension in hydrofluoric acid for ca. 20 hours, heavy-liquid density separation (ZBr 2 ; specific gravity = 1.9) and acetolysis. Pollen assemblages were identified at 400× magnification to a sum of 300 or more terrestrial pollen grains and by comparison with reference materials in the Laboratory of Paleoecology at Northern Arizona Univresity and published sources.
Ten sediment subsamples of <1 cm 3 were taken for diatom analysis at ca. 2.5-to 7.5-cm intervals. Diatoms were isolated using the peroxide-dichromate method of van der Werff (1955) . Processed samples were pipetted onto coverslips and allowed to dry and then mounted in Pleurax. A minimum of 400 valves were counted at 1000× magnification under oil immersion. Identifications were based on published keys and comparison with reference material.
For cluster analysis we used an unconstrained Edwards and Cavalli-Sforza's chord-distance cluster analysis (Grimm, 1987) for both the pollen and diatom data. The cluster analysis was performed on CONISS, and pollen and diatom percentages were graphed using TILIA-graph (Grimm, 1987) .
RESULTS

Chronology
We obtained one standard and two accelerator mass spectrometry (AMS) radiocarbon dates. Wood from an unidentified log (P98-7-2) at 60-65 cm depth provided a standard radiocarbon age of 41,490 ± 1380 14 C yr B.P. (Beta-120483) (Springer et al., 1999) . Two AMS dates were run on pollen concentrates. The sample from the 15.0-17.5 cm depth provided a nearly identical age of 41,200 ± 2100 14 C yr B.P. (CAMS-58024). A lower pollen date at ca. 77.5-80.0 cm depth gave an age of 4 730 ± 80 14 C yr B.P. (CAMS-58024). We believe that we may have contaminated this sample with younger carbon during the pollen isolation phase, causing the date to be much younger than anticipated. On this basis, we rejected the date and place the deposit within marine isotope stage 3 (MIS 3), which persisted from ca. 24,000 to 58,000 yr B.P. (Martinson et al., 1987; Bradley, 1999) .
Ages of samples that fall near the outer limit of radiocarbon dating must be interpreted with care, and it is statistically possible that our section is older than MIS 3. Our confidence in these ages is considerable, however, since nearly identical, finite dates were obtained from two separate dating laboratories using different materials and techniques.
Loss-on-Ignition (LOI) and Magnetic Susceptibility
LOI data demonstrate low organic content of the Diamond Valley sediments (Fig. 2) . Maximum organic content occurs from ca. 15 to 25 cm depth. Magnetic susceptibility shows little variation within the profile (3-6 emu/gm; Fig. 2 ). Values generally decline between 40 and 45 cm depth but recover to high values at the profile top.
Pollen
The pollen assemblages are not easily separated into distinct zones, but many important pollen types show relative stratigraphic changes. Increasing from bottom to top are percentage of Pinus (pine), Abies (fir), Cyperaceae (sedge), and Poaceae (grass family), and Brassicaceae (mustard family). Declining from bottom to top are Ceanothus (California lilac), Salix (willow), Apiaceae (carrot family), Typha (cattail), and Shepherdia (buffalo berry). Pollen types with relatively consistent pollen percentages throughout the section include Cupressaceae (most probably Juniperus [juniper] or Cupressus [cypress]), Quercus (oak), Artemisia (sagebrush or wormwood), and other Asteraceae (sunflower family).
Diatoms
Similarly, diatom assemblages do not easily separate into zones but show changes from bottom to top in the profile (Fig. 3) . Two species dominated (>15%) throughout the record: Nitzschia amphibia and Achnanthes lanceolata. In Fig. 3 , diatoms are grouped according to ecological preferences (Lowe, 1974; Czarnecki and Blinn, 1978; Reimer, 1966, 1975) . Many species are alkaliphilous or tolerant of moderate to high conductivities.
Early in the profile halophilous (Navicula halophila, Anomoeneis sphaerophora) and epiphytic or periphytic (Synedra acus, Amorpha veneta, Cocconeis placentula, Hantzschia amphioxys) diatoms are important. At least one limnophilous diatom (Amorpha ovalis) and two diatoms preferring "warm" water (Denticula elegans and D. e. var. valida) are also found. In the upper portion of the section, diatoms more characteristic of cooler (Pinnularia substomatophora and Gomphonema olivaceum) and moving (Navicula tripunctata, Gomphonema olivaceum, Meridion circulare) water become more important. The CONISS cluster analysis suggests the transition occurs at ca. 47.5 cm depth. Czarnecki and Blinn (1978) , Reimer (1966, 1975) . * denotes those species that are either alkaliphilous or prefer moderate to high conductivities.
of Typha, Salix, Cyperaceae, and Apiaceae), grassland with forbs (Poaceae, Chenopodiaceae, and Asteraceae), and scrub and chaparral (pollen of Artemisia, Ceanothus, Shepherdia, and Quercus) communities occurred at the site or on the surrounding hills. Juniperus or Cupressus were locally present, and near the site were stands of Pinus and Abies. At the nearby Domenigoni Valley site macroremains of Pinus cf. ponderosa (ponderosa pine) were reported in association with Arctostaphylos (manzanita) (Springer et al., 1998) .
Small amounts of Sarcobatus (greasewood) pollen are found throughout the profile, and it was a common shrub near Tulare Lake during the late Pleistocene (Atwater et al., 1986; Davis, 1999) . Today Sarcobatus in California is limited to the Great Basin Floristic Province and the Mojave Desert (Hickman, 1993) . Periodic easterly or northerly wind directions, such as the modern late-summer-early-fall Santa Ana winds (Svejkovsky, 1985; Mensing et al., 1999) may have prevailed during the middle Wisconsin. Paleowind circulation models support this pattern for at least part of the year (COHMAP, 1988; Thompson et al., 1993; Bartlein et al., 1998) .
Modern pollen assemblages from the nearby San Bernardino and San Jacinto Mountains (Anderson and Koehler, in press) allow estimates of former apparent elevations of the site. Percentages of Pinus pollen in the Diamond Valley samples (ca. 8-24%) are similar to the lower montane zones of the San Bernardino (ca. 1670-2120 m; 10-25%) and San Jacinto transect (ca. 1370-2470 m; 10-37%). Abies pollen increases throughout the profile. Similar percentages of Abies pollen (>1%) are found today primarily in the lower montane of both mountain ranges. Cupressaceae pollen percentages average ca. 37%. Such high percentage is never reached in the modern transects. However, one site each in the San Bernardino (1815 m, 25%) and San Jacinto (1987 m, 30%) transects, both in the lower montane vegetation type, approach this high value. The overall conifer component suggests similarity to samples collected from modern montane forests, a minimum of 900 m higher today. This elevational difference is supported by the occurrence of Shepherdia pollen throughout the record. Today, Shepherdia argentea is found in the Sierra Neveda and in the San Bernardino, southern Coast, and western Transverse Ranges at elevations between 1000 and 2000 m (Hickman, 1993) .
However, dissimilarities between modern and fossil pollen are apparent. Quercus pollen in the profile never exceeds 2% (Fig. 2) (Anderson and Koehler, in press) . Quercus was clearly absent or unimportant in the local and regional middle Wisconsin vegetation near the Diamond Valley site. Conversely, consistently high percentages of Artemisia pollen (averaging 6%) are not duplicated in the modern pollen samples (35 samples average <1%) except at one modern site on Mt. San Jacinto where Artemisia tridentata is present at the site. In addition, Chenopodiaceae-Amaranthus (Cheno-Am) pollen percentages in the fossil samples (averaging 1%) are not duplicated at any of the modern pollen stations (36 modern samples averaging 2%).
Our reconstructions (moderate Pinus, abundant Cupressaceae pollen) resemble records from the nearly contemporaneous (38,000 ± 2500 14 C yr B.P.; Berger and Libby, 1996) McKittrick asphalt deposit and the Tulare Lakebed site, ca. 92 m elevation and 290 km and ca. 55 m and 265 km northwest of the Diamond Valley site, respectively. Pollen data from Tulare Lake (Atwater et al., 1986) are dominated by Cupressaceae (to 20%) with lesser amounts of Quercus (ca. 3%), Artemisia, and Sarcobatus. At McKittrick, macrofossils of Pinus monophylla (single-needle piñon), Juniperus californica (California juniper), and Atriplex (saltbush), among other plants (Mason, 1944; Axelrod, 1988) , were recovered. The occurrence of a piñon and/or juniper woodland in areas now dominated by saltbush and grassland (Küchler, 1988) indicate effective precipitation of ca. 25-38 cm greater than present (Axelrod, 1988) .
However, Diamond Valley pollen percentages have even greater similarity to the pollen from Santa Barbara basin core ODP893A (Fig. 1) . Much of this pollen originates from the Transverse Ranges, drained by the Ventura, Santa Clara, and Santa Ynez Rivers (Heusser, 1978 (Heusser, , 1995 . Contemporary MIS-3 sediments in the marine core are dominated by Cupressaceae (Cupressus or Juniperus; ca. 30 to 40%) pollen, with Pinus at ca. 10 to 25% and Quercus at ca. 2 to 8%. Our data agree with Heusser (1998) , who suggested that the coastal plain resembled higher elevation woodlands of the modern Transverse and Peninsular Ranges of southern California. Thus, it is probable that the Diamond Valley assemblage is a local expression of a widespread vegetation type that was present in ranges and basins of southwestern California during the middle Wisconsin.
Of particular interest are the relatively high Poaceae pollen percentages in the Diamond Valley record. The extent and characteristics of presettlement grasslands in California have been debated since the early 20th century (Clements, 1920; Hamilton, 1997) . Grass pollen percentages from the Diamond Valley profile average 10% over the length of the profile. The range of 24 fossil pollen samples (4 to 17%) is similar to the range from grassland samples in the San Jacinto modern pollen transect (5 to 16%; Anderson and Koehler, in press ). Grasslands may have covered much of the valley floor.
Diatom assemblages shed light on some of the questions raised by the pollen data. The dominance of diatoms preferring high alkalinity (12) and moderate to high conductivity (9) suggests a relatively shallow-water alkaline environment. Below ca. 47 cm depth the presence of two warmer water species (Denticula elegans var. valida, Epithemia adnata) and the near absence of two cooler water species (Gomphonema olivaceum, Pinnularia substomatophora) common higher in the profile suggest relatively warm-water conditions in the early depositional phase. In addition, halophilous, epiphytic, periphytic, limnophilous (Fig. 3) , and shallow-water (Anomoeneis sphaerophora and Cocconeis placentula; Adam et al., 1989; Bradbury, 1991; Blinn et al., 1994) diatom species are most common here and support the interpretation of a shallow, alkaline, low-energy aquatic environment with high conductivity. The near absence of Fragilaria leptostauron var. dubia, intolerant of high conductivity, provides negative evidence in support of this interpretation. Therefore, we interpret this assemblage to indicate a period of low water levels.
Above ca. 47 cm depth warm-water species (Denticula elegans var. valida, Epithemia adnata) decline, and cooler water diatoms (Pinnularia substomatophora, Gomphonema alivaceum; Patrick and Reimer, 1996) increase (Fig. 3) . While alkaliphilous species continue to dominate the assemblage, conductivity levels are moderated, as represented by diminishing presence of Amorpha veneta and increasing abundance of the intolerant Fragilaria leptostauron var. dubia (Fig. 3) . Rheophilous species (Navicula tripunctata, Gomphonema olivaceum, Meridion circulare) also increase ( Fig. 3) , suggesting a increase in stream-flow regime during this time.
SUMMARY AND CONCLUSIONS
The Diamond Valley site is important in our understanding of the Late Pleistocene of southern California. Radiocarbon dates place this deposit within MIS 3-the middle Wisconsin. Contemporaneous sites in this time range occur in the San Joaquin Valley, at Rancho La Brea, along the coast at Carpinteria, and from the Santa Barbara Basin.
Although we cannot provide temperature estimates from the diatoms, early-profile diatoms are typical of warm water with high alkalinity and conductivity, suggesting significant evaporation rates, while later diatom assemblages suggest a higher flow regime and cooler water input into the system. Hydrologic changes are also shown in the pollen record by change in dominance between Salix (early profile) and Cyperaceae (late profile). The shifts in herbaceous and shrubby wetland flora more likely reflect changes in flow regime, rather than temperature.
The fossil pollen data document that a variety of vegetation types existed within the general vicinity of the pond. Uplands were probably populated by a variety of shrubs and conifers, including Juniperus or Cupressus and perhaps Pinus ponderosa (W. G. Spaulding, personal communication, 1999) . This vegetation type may have been widespread in southwestern California (Heusser, 1995 (Heusser, , 1998 .
Fossil pollen assemblages from this site at ca. 480 m elevation are comparable in many respects to modern pollen assemblages in the San Bernardino and San Jacinto mountains from the lower montane vegetation zones at ca. 1370-2470 m elevation. This suggests a minimal plant species elevational depression of ca. 900 m during this phase of the middle Wisconsin in southwestern California. Using modern temperature data (U.S. Dept. of Commerce, 2002) we calculate average annual temperature lapse rates of 0.59
• and 0.47 • C/(100 m) for the San Bernardino and San Jacinto ranges, respectively. The difference between the two ranges in probably due to the greater proximity of the San Jacinto Range to the moderating influence of the ocean today, though that may have been less during the middle Wisconsin with lowered sea level and greater distance from the coast. It is likely that lapse rates were not identical in the past; nevertheless we estimate an annual temperature of 4
• -5
• C lower during the middle Wisconsin compared with today. These are comparable with other published estimates (e.g., 3
• -4
• C: Anderson et al., 2000 ; <7
• C: Kennett and Venz, 1995) for the U.S. Southwest. Although of limited temporal extent, the Diamond Valley record is important in our understanding of paleoenvironments from an area with poor spatiotemporal documentation. The record provides a glimpse of vegetation perhaps characteristic of coastal valleys and uplands, which can be compared with the longer, more continuous and more continental Tulare Lake record to the northwest and the marine record of coastal vegetation to the west. More importantly, the Diamond Valley record demonstrates rapid changes during a short time period of the middle Wisconsin in the terrestrial, wetland, and aquatic environments of southwestern California. High-resolution studies of marine sediments have documented millennial-scale DansgaardOeschger events of similar age in the northeast Pacific (Keigwin and Jones, 1990; Kennett and Ingram, 1995; Behl and Kennett, 1996) and elsewhere. We suggest that the Diamond Valley site records a portion of the cooling phase of a D-O cycle for the terrestrial environment as well.
